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(54) Fuel cell system and related control method 

(57) A fuel cell system and a related contra) method 
are disclosed wherein, during start-up of a fuel cell stack 
1, a controller 21 operates a DC/DC converter 13 in a 
voltage control mode to allow an electric power to be 
supplied from a secondary battery 7 to a bad 6 at an 
output voltage managed by the DC/DC converter. Under 
such a condition, an electric power level appearing 
when a voltage level of the electric power to be supplied 
from the secondary battery to the load lies at a value 



greater than an open voltage (eve! of the fuel cell stack 
1 . Next, the DC/DC converter 1 3 is operative in an elec- 
tric power control mode to allow the electric power to be 
supplied from the secondary battery to the load at a 
managed electric power output. Then, a level of the 
electric power to be supplied to the load is detected with 
the IDC/DC converter 13, which permits the electric pow- 
er to be supplied from the secondary battery to the load 
at an electric power level less than a resulting detected 
electric power level. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a fuel cell sys- 
tem adapted to start up a fuel cell stack, mainly using 
an electric power charged in a secondary battery, which 
is installed on a fuel cell powered vehicle whereby, 
through the use of an electric power output generated 
by the fuel cell stack and the electric power charged in 
the secondary battery, auxiliary units associated with 
the fuel cell stack for electric power generation are driv- 
en while producing a vehicle drive torque output. 
[0002] An attempt has been made to start up a fuel 
cell system through the use of a technology wherein an 
electric power of a secondary battery other than a fuel 
cellstack is applied to an air com pressor to allow oxidant 
gas to be supplied to the fuel cell stack to start up the 
same to be available for electric power generation 
whereupon a shift occurs from the secondary battery to 
the fuel cell stack made available for electric power gen- 
eration to utilize the electric power output generated 
thereby as a driving power supply, as disclosed in Jap- 
anese Patent Application La id-Open No. 2001-229943. 
[0003] With such a fuel cell system, during a mode in 
which the electric power output of the secondary battery 
is supplied to the air compressor as the driving power 
supply, an output voltage and an electric power output 
are arbitrarily controlled by a DC/DC converter. The DC/ 
DC converter is configured such that, during start-up op- 
eration, the electric power available from the secondary 
battery is made to be sufficiently higher than the electric 
power generated by the fuel cell stack that is adequately 
warmed up to be available for obtaining a desired elec- 
tric power output. And, an output voltage of the electric 
power generated by the fuel cell stack is clamped at an 
output voltage level of the DC/DC converter, thereby 
precluding the electric power of the fuel cell stack from 
exceeding a certain desired level. 
[0004] With such a fuel cell system, when discrimina- 
tion is made the fuel cell stack is available for electric 
power generation, by decreasing the output voltage of 
the DC/DC converter while Increasing the electric power 
to be supplied from the fuel cell stack, a source of elec- 
tric power supply to the air compressor is made availa- 
ble to be smoothly shifted from the secondary battery to 
the fuel cell stack. 

SUMMARY OF THE INVENTION 

[0005] However, the above described fuel cell system 
takes the form of a structure wherein the electric power 
output to be supplied from the fuel cell stack to the bad 
is managed merely in terms of the output voltage level 
of the DC/DC converter. For this reason, when fluctua- 
tion occurs in a characteristic of the fuel cell stack de- 
pending on temperatures, an electric current and volt- 
age characteristic is apt to vary in a midcourse of warm- 



ing up operation whereby even when the output voltage 
of the electric power generated by the fuel cell stack is 
clamped at the certain given level, a probability occurs 
where no desired voltage level is attained in the output 

s of the fuel cell stack. Accordingly, with the above de- 
scribed fuel cell system, If the fuel cell stack Is intended 
to operate in a certain range of an output in the mid- 
course of start-up operation, an issue arises in an ina- 
bility of accurately managing the output of the fuel ceil 

10 stack. 

[0006] Therefore, the present invention has been 
completed with the above view in mind and has an ob- 
ject to provide a fuel ceil system and a related control 
method which enable an electric power output to be tak- 
15 en out from a fuel cell stack in a stable fashion during 
start-up of the fuel cell stack. 

[0007] According to a first aspect of the present inven- 
tion, there is provided a fuel cell system comprising a 
fuel cell stack supplied with fuel gas and oxidant gas to 

20 generate an electric power which is supplied through a 
dbde to a load installed on a fuel cell powered vehicle, 
a secondary battery by which an electric power is 
charged and discharged, an electric power converter 
connected to the fuel cell stack through the diode to con- 

25 vert an electric power level, charged in the secondary 
battery, and supplying a converted electric power to the 
load, and a controller operative to control the electric 
power converter In a way to allow a voltage level of the 
electric power, to be supplied from the secondary bat- 

30 tery to the load, to lie at a value equal to or greater than 
an open voltage level of the fuel cell stack during start- 
up of the fuel cell stack, and to control the electric power 
converter in a way to allow an electric power level sup- 
plied to the load through the electric power converter to 

35 be detected for permitting the electric power to be sup- 
p lied to the load from the secondary battery at an electric 
power level less than a detected electric power level. 
[0008] According to a second aspect of the present 
invention, there is provided a method of controlling a fuel 
cell system, which has a fuel cell stack supp lied with fuel 
gas and oxidant gas to generate an electric power which 
is supplied through a diode to a bad installed on a fuel 
cell powered vehicle, and a secondary battery by which 
an electric power is charged and discharged, the meth- 

45 od comprising converting a level of an electric power of 
the secondary battery to supply the electric power from 
the secondary battery to the load at a converted electric 
power level, controlling such that, when starting up the 
fuel cell stack, a voltage level of the electric power to be 

so supplied from the secondary battery to the load lies at 
a value equal to or greater than an open voltage level 
of the fuel cell stack, and controlling such that the level 
of the electric power supplied to the load is detected to 
permit the electric power to be supplied to the load from 

55 the secondary battery at an electric power level less 
than a detected electric power level. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

Fig. 1 is a block diagram illustrating a structure of a 5 
fuel cell system to which the present invention Is ap- 
plied. 

Fig. 2 is a flowchart illustrating an operation se- 
quence of start-up control operation of the fuel cell 
system of a first embodiment to which the present 10 
Invention is applied. 

Fig. 3 Is a view Illustrating a voltage-current char- 
acteristic appearing when start-up of a fuel cell 
stack is completed and a voltage-current character- 
istic appearing when start-up of a fuel cell stack is is 
not completed. 

Fig. 4 is a view illustrating variations in output volt- 
age, output electric current and output electric pow- 
er of the fuel cell stack, appearing when start-up 
control operation is executed in the fuel cell system 20 
to which the present invention is applied, and an 
output electric power of az secondary battery. 
Fig. 5 is a flowchart illustrating an operation se- 
quence of start-up control operation of a fuel cell 
system of a second embodiment to which the 25 
present invention is applied. 
Fig. 6 is a flowchart illustrating an operation se- 
quence of start-up control operation of a fuel cell 
system of a third embodiment to which the present 
invention Is applied. 30 
Fig. 7 is a flowchart illustrating an operation se- 
quence of start-up control operation of a fuel cell 
system of a fourth embodiment to which the present 
invention is applied. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENS 

[0010] Hereinafter, first to fourth embodiments of the 
present invention are described in detail with reference *o 
to the attached drawings. 

(First Embodiment) 

(Structure of Fuel Cell System) 45 

[0011] The present invention Is applied to a fuel cell 
system of a first embodiment constructed as shown in 
Fig. 1. The fuel cell system is installed on an electric 
vehicle with a drive motor installed thereon as a bad to &> 
receive an electric power output to provide a drive 
torque output for the electric vehicle. 
[0012] The fuel cell system includes a fuel cell stack 
1 serving as a main power supply that is supplied with 
fuel gas and oxidant gas to generate the electric power 55 
output. 

[0013] The fuel cell stack 1 is comprised of a plurality 
of stacks of fuel cell structural bodies, that are sand- 



wiched by separators, each of which includes an air 
electrode and a hydrogen electrode between which a 
solid polymer electrolyte membrane is sandwiched. 
With the fuel cell system of the present embodiment, the 
fuel electrode of the fuel cell stack 1 is supplied with hy- 
drogen gas, as fuel gas, and the oxidizing electrode Is 
supplied with air, involving oxygen as oxidant gas, to 
generate the electric power output. 
[0014] Fuel gas is supplied from a fuel gas supply sec- 
tion 2 to the fuel cell stack 1 . The fuel gas supply section 
2 stores fuel Involving a large amount of hydrogen and, 
upon control through a controller section 21, the tem- 
perature and pressure of fuel gas are regulated. 
[0015] Further, air is delivered under pressure by an 
air compressor 3 and is supplied to the fuel cell stack 1 
through an air delivery pipe 4. Through control of a dis- 
placement stroke of the compressor 3 executed by the 
controller section 21 , a flow rate of air to be supplied to 
the fuel cell stack 1 is controlled. 
[001 6] If the fuel cell stack 1 is supplied with fuel gas 
and air to generate the electric power output, upon con- 
trol of the controller section 21 , a power conditioner sec- 
tion 5 serves to allow the electric power output generat- 
ed by tha fuel cell stack 1 to be delivered to a load 6, 
such as a drive motor, and the electric compressor 3. 
Also, the power conditioner section 5 serves to allow an 
electric power, charged in a secondary battery 7, to be 
delivered to the compressor 3 and the load 6 depending 
upon a control status of the controller section 21 , while 
serving to allow a regenerative electric power resulting 
from the bad 6 to be charged into the secondary battery 
7 during deceleration of the electric vehicle. 
[0017] The secondary battery 7 is charged with the 
electric power, in excess thereof, resulting from the fuel 
cell stack 1 and the regenerative electric power resulting 
from the load 6 through the power conditioner section 
5. The secondary battery 7 is so configured as to dis- 
charge the electric power, charged through control of the 
power conditioner section 5, at a higher voltage than that 
of the electric power output of the fuel cell stack 1 . In an 
event that no adequate electric power output is gener- 
ated by the fuel cell stack 1 at a rate insufficient to satisfy 
the electric power needed by units of a high power rate 
series, such as the load and the air compressors which 
are driven at a high voltage, the power conditioner sec- 
tion 5 serves to permit the electric power, charged in the 
secondary battery 7, to be outputted for compensating 
inadequate electric power needed by the units of high 
power rate series. 

[0018] The power conditioner section 5 is comprised 
of a diode 11 adapted to avoid flow of electric current to 
the fuel cell stack 1 , a voltmeter 12 that detects the out- 
put voltage of the fuel cell stack 1, a DC/DC converter 

13 that converts a level of a DC power, and an ammeter 

14 that detects electric current that flows to the air com- 
pressor 3 and the load 6 through the dbde 11. In this 
example, the voltmeter 12 detects a voltage at an anode 
of the diode 11 , i.e., a voltage level applied across the 
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diode 11 and the fuel cell stack 1. 
[0019] The power conditioner section 5 Is controlled 
by the controller section 21 such that, when permitting 
the electric power, charged in the secondary battery 7, 
to be supplied to the air compressor 3 and the load 6, 
the DC/DC converter 13 Is operated so as to boost up 
the voltage level. Also, the power conditioner section 5 
operates to allow the regenerative power resulting from 
the load 6 to be decreased to a voltage level, available 
to be charged to the secondary battery 7, whereupon 
the regenerative power Is supplied to the secondary bat- 
tery 7. Moreover, the voltage level detected by the volt- 
meter 12 and the current level detected by the ammeter 
14 of the power conditioner section 5 is read in the con- 
troller section 21. 

[0020] Further, with such a fuel cell system, a relay B 
is disposed between the power conditioner section 5, 
and the air compressor 3 and the load 6. The relay 8 is 
comprised of a suitable switch and Is controlled to be 
turned on or turned off by the controller section 21 in a 
way to allow the electric power generated by the fuel cell 
stack 1 and the electric power, charged in the secondary 
battery 7. to be supplied to the air compressor 3 and the 
load 6 while permitting the regenerative power resulting 
from the load 6 to be delivered to the power conditioner 
section 5. The relay 8 functions as a power shut-off sec- 
tion of the fuel cell stack 1 and the secondary battery 7 
with respect to the air compressor 3 and the load 6 and 
operates to shut off the supply of the electric power in a 
urgent status. 

[0021] The controller section 21 is comprised of a 
ROM (Read On Memory) that internally stores therein a 
start-up control program, and a RAM (Random Access 
Memory) that provides a work area during control to ex- 
ecute the start-up control prog ram for controlling various 
parts set forth above during a start-up mode. This allows 
the controller section 21 to read in sensor signals deliv- 
ered from the voltmeter 12 and the ammeter 14 such 
that the output voltage and the output electric current of 
the fuel cell stack 1 are recognized. Moreover, the con- 
troller section 21 operates to recognize operating sta- 
tuses of thefuel gas supply section 2, the air compressor 
3, the load 6 and the relay 8 for thereby controlling op- 
erations of these various parts. 
[0022] In addition, the controller section 21 is opera- 
tive to co ntrollably shift the DC/DC converter 13 depend- 
ing on the output voltage of the fuel cell stack 1 and a 
charged status of the secondary battery 7 in such a way 
to allow boost-up operation to be achieved for boosting 
up the output voltage resulting from the secondary bat- 
tery 7 to permit the electric power to be supplied to the 
load 6 and the air compressor 3, or to allow the output 
voltages resulting from the fuel cell stack 1 , the load 6 
and the air compressor 3 to be stepped down to a level 
to be supplied as the electric power to the secondary 
battery 7. 

[0023] Further, the controller section 21 Is operative 
to execute the start-up control program when in start-up 



operation of the fuel cell stack 1, thereby permitting 
boosting-up operation and step-down operation of the 
DC/DC converter 13 to be controlled. Also, a detailed 
content of this start-up control operation is described be- 
5 low. 

(Start-up Control Operation of Fuel Cell Stack 1) 

[0024] Next, an operational sequence of start-up con- 
fo tro! operation to be executed by the controller section 
when In start-up operation of the fuel cell stack 1 in the 
fuel cell system set forth above is described with refer- 
ence to a flowchart of Fig. 2. 

[0025] When in start-up control operation, operation 
15 subsequent to step S1 Is commenced when start-up op- 
eration of the fuel cell system is Initiated by a driver of 
a fuel cell powered vehicle. 

[0026] First, the controller section 21 operates to set 
a control mode of the DC/DC converter 13 in a voltage 

20 control mode to allow the output voltage to be controlled 
for supply of the electric power to the air compressor 3 
(step S1). This renders the controller section 21 opera- 
tive to remain in a status available to arbitrarily control 
the voltage level (the output voltage level of the DC/DC 

25 converter 13) appearing atan output terminal of the DC/ 
DC converter 13. 

[0027] Subsequently, the controller section 21 oper- 
ates to set a target valueoftheoutput voltag e of the DC/ 
DC converter 13 to a voltage level Vx greater than the 

30 maximum value of an open voltage level of V0 of the 
fuel cell stack 1 as shown in Fig. 3 (step S2). Thus, upon 
selection of the output voltage level of the DC/DC con- 
verter 13 to be equal to or greater than the open voltage 
level V0 of the fuel cell stack 1 , the controllersectian 21 

35 precludes the electric current not to flow from the fuel 
cell stack 1 to the air compressor 3. 
[0028] That Is, a voltage potential at a junction be- 
tween a cathode of the diode 11 and the DC/DC con- 
verter 13 is selected to be greater than the maximum 
value of the open voltage level of the fuel cell stack 1. 
Also, since it is probable for the output voltage level of 
the DC/DC converter 1 3 to fluctuate depending upon the 
operating condition of the fuel cell stack 1, the output 
voltage level of the DC/DC converter 13 may be settled 

45 to a value slightly higher than the open voltage level of 
the fuel cell stack 1 In an actual practice. Moreover, the 
open voltage level V0 of the fuel cell stack 1 is prelimi- 
narily obtained through experimental teats, and use is 
made of a value that is retained in the controller section 

so 21. 

[0029] Under such a condition, no electric power is 
supplied from the fuel cell stack 1 to the air compressor 
3 to which the electric power is supplied from the sec- 
ondary battery 7 through the DC/DC converter 13. In 
55 step S2, also, the controller section 21 begins to operate 
the fuel gas supply section 2 using the electric power 
delivered from the secondary battery 7. This allows the 
controller section 21 to render the fuel cell stack 1 to 
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remain In a status operative for electric power genera- 
tion. 

[0030] Moreover, when the charged state of the sec- 
ondary battery 7 is detected prior to execution of oper- 
ation in step S2, if discrimination is made that no an abil- 
ity exists In discharging the electric power at a rate great- 
er than a certain given level, the controller section 21 
operates to interrupt start-up operation of the fuel cell 
system. This precludes thesecondary battery 7from be- 
ing degraded. Here, operation to discriminate the 
charged status of the secondary battery 7 may be per- 
formed not only one time prior to execution of step S2 
but may be necessarily executed prior to execution of 
step S2. 

[0031] Next, after the output voltage level of the DC/ 
DC converter 13 has been stet to the value greater than 
the open voltage level, the controller section 21 discrim- 
inates to find whether the given time interval has 
elapsed (step S3). That is, the controller section 21 op- 
erates to control the air compressor 2 and the fuel gas 
supply section 2 in step S2 and discriminates to find 
whether the given time interval has elapsed after hydro- 
gen gas and air has been supplied to the fuel cell stack 
1 to commence start-up operation. By supplying hydro- 
gen gas and air for the given time interval in such a way, 
the fuel cell system 1 operates to exhaust impurity gas 
from the fuel cell stack 1 while warming up the fuel cell 
stack 1. 

[0032] And, when judgment has been made to find 
that the given time interval has elapsed from the time 
instant at which hydrogen gas and air have begun to be 
supplied to the fuel cell stack 1 , the controller section 21 
operates to read the sensor signal from the voltmeter 
12 to measure the open voltage level of the fuel cell 
stack 1 (step S4). And, the controller section 21 oper- 
ates to allow the open voltage level of the fuel cell stack 
1 , which is measured, to be set to a targeted output volt- 
age level of the DC/DC converter 13 (step S5). 
[0033] Thus, while the controller section 21 has oper- 
ated to allow the open voltage level of the fuel cell stack 
1 , that is preliminarily predicted in step S2, to be set to 
the output voltage level that is targeted for the DC/DC 
converter 13, by executing operation in step S5 to allow 
an actual open voltage level of the fuel cell stack 1 to be 
set to the targeted output voltage level of the DC/DC 
converter 13 again, a control accuracy of subsequent 
operation is improved. 

[0034] Consecutively, after the output voltage of the 
DC/DC converter 1 3 has been set in step S5 to be equal 
to the actual open voltage level of the fuel cell stack, the 
controller section 21 operates to detect the output volt- 
age level and the output electric current level of the DC/ 
DC converter 13 to detect an output power level of the 
DC/DC converter 1 3 (step S6). Here, in step S5, no elec- 
tric power is outputted from the fuel cell stack 1, and a 
situation stands in which auxiliary electric power for the 
air compressor 3 necessary for start-up is supplied from 
the secondary battery 7. Then, upon detection of the 



electric power level converted by the DC/DC converter 
13, the controller section 21 operates to identify the elec- 
tric power consumed by the auxiliary units as a result of 
consumption during start-up of the fuel cell system. 

5 [0035] When this takes place, in order to detect the 
electric power level converted by the DC/DC converter 
13, the controller section 21 measures the output elec- 
tric current level and the output voltage level flowing 
through the DC/DC converter 13 and multiplies these 

10 parameters. Also, the electric power consumed during 
start-up of the fuel cell system 1 is regarded to be sub- 
stantially constant regardless of the status of the fuel 
cell stack 1, operation in step S5 is omitted, and a pre- 
liminarily determined electric power level may be used. 

15 [0036] Subsequently, the controller section 21 shifts 
the control mode of the DC/DC converter 13 from the 
voltage control mode, set in step S 1 , to the electric pow- 
er control mode in which the output power of the DC/DC 
converter 13 is controlled and supplied to the air com- 

20 pressor 3. Then, the target of the electric power level of 
the DC/ DC converter 13 is set to be equal to the electric 
power level detected in step S6 (step S7). That is. due 
to an ability of the controller section 21 permitting the 
electric power, that is actually consumed, to be equal to 

25 the target level of the output power of the DC/DC con- 
verter 1 3, an auxiliary electric power is entirely supplied 
from the secondary battery 7. 

[0037] Thus, by executing operations in steps S6 and 
S7, the fuel cell stack 1 is prevented from autputtJng the 

30 electric power generated by the fuel cell stack 1 and, at 
the same time, the electric power to be consumed for 
start-up of the fuel cell stack 1 is identified. 
[0038] Next, the contra Her section 21 controls the DC/ 
DC converter 13 such that the target level of the output 

35 power of the DC/DC converter 13 decrease at a given 
rate (step S8). This allows the electric power to be sup- 
plied from the secondary battery 7 to decrease such that 
the voltage potential at the junction 15 is below the open 
voltage of the fuel cell stack 1 to begin supply of electric 

40 power from the fuel cell stack 1 to the air compressor 3. 
Thus, when supply of the electric power from the fuel 
cell stack 1 to the air compressor 3 is begun, the output 
voltage of the fuel cell stack 1 decreases, resulting in an 
increase in the output electric current of the fuel cell 

45 stack 1. 

[0039] Consecutively, an act ual cu rrent level of the fu- 
el cell stack 1 1s detected from the ammeter 1 4 (step S9) 
and discrimination is made to find whether the detected 
current level is below the given value (step S10). If the 

so output electric current level, that is detected, of the fuel 
cell stack 1 is found to be less than the given value, op- 
eration Is routed to step S11, and rf found to be greater 
than the given value, operation is routed back to step 
S9 where operation is waited until the current level of 

55 the fuel cell stack 1 is decreased to the given value. 
[0040] Also, if operations in steps S9 and S10 are re- 
peatedly executed plural times and no probability occurs 
in the output electric current level of the fuel cell stack 
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1 to drop below the given current level, then the control- 
ler section 21 discriminates that an abnormality occurs 
in the fuel cell system, whereupon the fuel cell system 
may be shut down. 

[0041] Here, the term "given current level" refers to a 
level that Is determined through utilization of the pres- 
ence of a difference in output electric current levels of 
the fuel cell stack 1 between a voltage-current charac- 
teristic {characteristic A in Fig. 3) of the fuel cell stack 
1, wherein when permitting the output electric current 
level of the DC/DC converter 1 3 to decrease in step S8, 
even If the same electric power levels as represented 
by (PA^V/lj) = PbXV 2 *l 2 )) appear as shown in Fig. 3, 
the fuel cell stack 1 Is supplied with gases athigherflow 
rates than required while at the same time the fuel cell 
stack 1 remains at a sufficiently high temperature with 
the fuel cell stack 1 remaining in a completed start-up 
condition, and a voltage-current characteristic (charac- 
teristic B in Fig. 3) of the fuel cell stack 1 wherein the 
fuel cell stack 1 is supplied with gases at less flow rates 
than required or the fuel cell stack 1 is not elevated to 
the sufficiently high temperature with the fuel cell stack 
1 remaining in a non-completed start-up condition. 
[0042] That is, when permitting the output electric cur- 
rent level of the DC/DC converter 13 to decrease, the 
presence of completion in start-up of the fuel cell stack 
1 causes the output voltage of the fuel cell stack 1 to lie 
at a level of V 1 and the output electric current to lie at a 
level of l t (see the characteristic A). On the contrary, 
even In the presence of the same electric power levels, 
the absence of completion of start-up of the fuel cell 
stack 1 causes the output voltage of the fuel cell stack 
1 to lie at a level of V 2 lower than V 1 and the current 
level l<j to lie at a level greater than l 2 . 
[0043] Thus, the electric current level of the fuel cell 
stack 1 , with no completion in start-up, becomes greater 
than that appearing when start-up has been completed. 
Through the use of such a voltage-current characteristic 
of the fuel cell stack 1, the controller section 21 deter- 
mines a threshold value of the electric current level of 
the fuel cell stack 1 in terms of the electric power level 
of the DC/DC converter 13 subsequent to a phase in 
which the output electric current level of the DC/DC con- 
verter 1 3 is decreased in step S8, thereby permitting dis- 
crimination to be made to find whether the fuel cell stack 
1 achieves and maintains a given performance. 
[0044] When discrimination is madB that the electric 
current level detected in step S9 is less than a given 
electric current level (step S10), then judgment is made 
that the fuel cell stack 1 achieves and maintains the giv- 
en performance whereupon further discrimination is 
made to find whether the output power to be targeted in 
the DC/DC converter 13 Is decreased to a preset value 
(step S11). If the output power is found to be decreased 
to the preset value, operation for the control mode of the 
DC/DC converter 13 is routed back to the voltage control 
mode, thereby permitting the fuel cell stack 1 to remain 
in the normal electric power control mode and operation 



is terminated (step S12). 

[0045] On the contrary, when discrimination is made 
that the electric current level detected in step S9 is not 
less than the given level (step S10), then operation is 

5 routed back to step S9 and operations in step S9 and 
step S10 are repeatedly executed whereupon If the fuel 
cell stack 1 achieves the given performance, operations 
subsequent to step S11 are executed. 
[0046] When discrimination is made in step S11 that 

10 the output power to be targeted in the DC/DC converter 
13 is not decreased to the preset value, operation is 
routed back to step SB and operations subsequent to 
step S8 are repeatedly executed. 
[0047] Also, while it is preferable for the preset level 

15 for judg ment In step S1 1 to be set to a val ue of "0" when 
shifting a source, from which electric power is supplied 
to the load 6, from the secondary battery 7 to the fuel 
cell stack 1 , the preset level may be set to a given value 
greater than 0 for the purpose of shifting operation to 

20 normal control within a short length of time. 

[0048] Further, during normal control in step S12, a 
situation stands for the control mode of the DC/DC con- 
verter 1 3 to be returned to the voltage control mode. This 
Is due to the fact that, when regenerative braking of the 

25 vehicle takes place to allow a regenerative electric pow- 
er to be resulted from the load 6, a probability occurs for 
the voltage appearing at the DC/DC converter 1 3 at the 
terminal closer to the load 6 to increase and, thus, the 
voltage control mode is intended to avoid such an in- 

30 crease in the voltage. 

[0049] By performing such start-up control operation, 
as shown in Fig. 4, the output voltage (on a character- 
istic I) and the output electric current (on a characteristic 
il) of the fuel cell stack 1, the output power (on a char- 
35 acterist ic III) of the fuel cell stack 1 and th e output power 
(on a characteristic IV) of the secondary battery 2 are 
caused to vary. 

[0050] By executing operations in steps S1 and step 
S2 to begin start-up control operation at time tO, the con- 
trol unit 21 allows the output voltage of the secondary 
battery 7 to be set to a level higher than the maximum 
level of the open voltage of the fuel cell stack 1 at time 
tO thereby to permit the secondary battery 7 to provide 
the electric power output (on a characteristic fV). This 

45 permits the air compressor 3 and the fuel gas supply 
section 2 to be control la bly driven with the electric power 
output delivered from the secondary battery 7 so as to 
begin supply of hydrogen gas and air to the fuel cell 
stack 1 whereupon the output voltage of the fuel cell 

so stack 1 is raised to the open voltage level for a time in- 
terval between times tO and t1 (on the characteristic I). 
[0051] And, upon execution of operations In step S3 
to step S7 to allow the control mode of the DC/DC con- 
verter 13 to be set to the electric power control mode 

55 while permitting operation in step S8 to be executed at 
time t2 on to cause the output power level of the DC/DC 
converter 1 3 to decrease such that the output power lev- 
el of the secondary battery 7 decrease (on the charac- 
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teristic IV), operation begins to take out the electric pow- 
er output from the fuel cell stack 1. When this takes 
place, the output voltage of the fuel cell stack 1 decreas- 
es (on the characteristic I), and the output electric cur- 
rent of the fuel cell stack 1 increases (on the character- 
istic li). 

[0052] Here, under a situation whBre the output elec- 
tric current of the fuel cell stack 1 appearing between 
times t2 and t3 is detected to be less than the given cur- 
rent level whereupon the electric power output of the 
secondary battery 7 is further decreased again, if the 
output electric current of the fuel cell stack 1, that has 
increased in the time interval between times t3 and t4, 
becomes larger in magnitude than an increased range 
between times t2 and t3 by A 1 and no discrimination is 
made in step S10 that the output electric current of the 
fuel cell stack 1 is less than the given current level, op- 
erations in step S8 and step S9 are repeatedly execut- 
ed. 

[0053] By so doing, during a time interval between 
time t4 and time t5, the electric power output to be taken 
out from the secondary battery 7 through the DC/DC 
converter 13 is kept constant, and the fuel cell stack 1 
remains in a standby condition until the fuel cell stack 1 
achieves the given performance. And, when the output 
voltage of the fuel cell stack 1 is raised while the output 
electric current of the fuel cell stack 1 decreases, oper- 
ation is repeated again so as to lower the electric power 
output of the secondary battery 7 again. Then, at time 
t7, if the electric power output of the secondary battery 
7 reaches to a value of 0 (the preset level in step S11), 
this phase represents that the source of electric power 
to be supplied to the air compressor 3 has been com- 
pletely switched over from the secondary battery 7 to 
the fuel cell stack 1 , and operation is returned to the volt- 
age control mode again to be shifted in the normal con- 
trol. 

[0054] As previously described in detail, with the fuel 
cell system of the first embodiment, during start-up op- 
eration of the fuel cell stack 1, the output voltage of the 
DC/DC converter 13 is selected to be higher than the 
open voltage of the fuel cell stackl whereupon the output 
electric current of the DC/DC converter 13 is detected 
to allow the DC/DC converter 13 to assume the electric 
power control mode so as to decrease the electric power 
to be supplied to the load 6 and the cir compressor 3, 
thereby permitting to begin the supply of the electric 
power output from the fuel cell stack 1. Accordingly, 
through utilization of only simplified electric power con- 
trol, the source of electric power to be supplied to the 
load 6 and the air compressor 3 can be switched over 
from the secondary battery 7 to the fuel ceil stack 1 . en- 
abling the electric power output to be taken out from the 
fuel cell stack 1 in a stable manner during start-up op- 
eration. 

[0055] Further, with such a fuel cell system, when in 
operation of the DC/DC converter 1 3 in the voltage con- 
trol mode, first the output voltage of the DC/DC convert- 



er 13 is selected to be greater than the maximum value 
of the open voltage of the fuel cell stack 1 and, subse- 
quently, the actual open voltage of the fuel cell stack 1 
is rendered to be equal to the output voltage of the DC/ 

9 DC converter 1 3 so as to permit switch over to take place 
to the electric power control mode responsive to actually 
consumed electric power. Accordingly, it becomes pos- 
sible to improve an accuracy of electric power control in 
the electric power mode and, additionally, to remove ex- 

10 cess of or short of electric power d u ring switch over be- 
tween the sources of electric power supply, thereby en- 
abling excess electric power to be precluded from being 
taken out from the fuel cell stack 1 . 

[0056] Furthermore, with such a fuel ceil system, in 

15 an event that when operation is made to decrease the 
electric power output of the DC/DC converter 13, the 
output electric current of the fuel cell stack 1 isdetected 
to be greater than the given current level, the fuel cell 
stack 1 remains in the standby status until the output 

20 electric current of the fuel ceil stack 1 does not exceed 
the given current level. As a result of such control, the 
electric power output to be taken out from the fuel cell 
stack 1 can be gradually increased with the output elec- 
tric current of the fuel cell stack 1 being managed. As a 

25 consequence, with such a fuel cell system, even during 
cold start-up prior to the fuel cell stack 1 being fully 
warmed up, it becomes possible to preclude the electric 
power output from being taken out at a rate in excess of 
a performance of the fuel cell system 1 . 

30 [0057] Here, when permitting the output electric pow- 
er of the DC/DC converter 13 to drop, it is probable for 
a way of decrease in the output voltage of the fuel cell 
stack 1 and a way of increase in the output electric cur- 
rent of the fuel cell stack 1 to differ depending upon the 

35 status of the fuel cell stack 1 . There is a tendency where- 
in if the temperature of the fuel cell stack 1 remains at 
a low level, the output voltage of the fuel cell stack 1 
drops to a lower value, with the same electric power be- 
ing outputted, than that appearing when the fuel cell 

40 stackl has been fully warmed up and the output electric 
current level increases. In contrast, with the fuel cell sys- 
tem, since the fuel cell stack 1 is rendered to remain in 
the standby condition when the output electric current 
of the fuel cell stack 1 increases beyond the given value, 

45 deterioration in performance of the fuel cell stack 1 can 
be avoided. 

(Second Embodiment) 

so [0058] Next, a fuel cell system of a second embodi- 
ment is described. Also, the same component parts as 
those of the first embodiment set forth above bear the 
same reference numerals and the same step numbers, 
and details of these components are herein omitted for 

55 simplicity. Moreover, the second embodiment has the 
same structure as that of the first embodiment, and a 
detail of such a structure is herein omitted for simplicity. 
[0059] The fuel cell system of the second embodiment 
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executes start-up control operation as shown in Fig. 5 
such that, in step S21 subsequent to achievement of the 
DC/DC converter 13 In reduction of the target value of 
the output electric power executed in step S8, the con- 
troller section 21 retrieves the sensor signal from the 
voltmeter 12 and detects the output voltage of the fuel 
cell stack 1 . 

[0060] Then in step S22, discrimination is made by the 
controller section 21 to find whether the output voltage 
of the fuel cell stack 1 detected in step S21 exceeds the 
given voltage level. If the output voltage level of the fuel 
cell stack 1 is found to exceed the given voltage level, 
operation proceeds to operation in step S11, and if the 
output voltage level of the fuel cell stack 1 is found to be 
less than the given voltage level, the fuel cell stack 1 is 
rendered to remain in the standby condition until the fuel 
cell stack 1 achieves the given performance. 
[0061] Here, the "given voltage level" is determined 
in consideration of the characteristic A and the charac- 
teristic B in Fig. 2 similar to the given current level in 
step S9 which has been set forth above. And, the con- 
troller section 21 is so configured as to determine the 
threshold value for the voltage level of the fuel cell stack 
1 in compliance with the electric power level of the DC/ 
DC converter 13 subsequent to operation In reduction 
of the output electric current level of the Dc/DC convert- 
er 13 in step S8, thereby allowing discrimination to be 
made to find whether the fuel cell stack 1 achieves and 
maintains the given performance. 
[0062] With such a fuel cell system adapted to per- 
form start-up control operation, through managementof 
the voltage of the fuel cell stack 1 appearing when taking 
out the electric power from the fuel cell stack 1, it be- 
comes possible for the electric power to be generated 
by the fuel cell stack 1 without exceeding the perform- 
ance thereof even on cold start-up prior to the fuel cell 
stack 1 being fully warmed up. 

[0063] Further, with such a fuel cell system, since the 
fuel cell stack 1 is rendered to remain in the standby 
condition in the presence of a phase where the output 
voltage of the fuel cell stack 1 drops below the given 
value, degradation in performance of the fuel cell stack 
1 can be avoided. 

(Third Embodiment) 

[0064] Next, a fuel cell system of a third embodiment 
is described. Also, the same component parts as those 
of the above embodiments set forth above bear the 
same reference numerals and the same step numbers, 
and details of these components are herein omitted for 
simplicity. 

[0065] The fuel cell system of the third embodiment 
features that, during switch over of the control mode of 
the DC/DC converter 13 from the voltage control mode 
to the electric power control mode, if the temperature of 
the fuel cell stack 1 is detected and it is discriminated 
that the fuel cell stack 1 performs the given perform- 



ance, then operation is executed to be directly shifted 
to normal control. 

[0066] During start-up control operation of such a fuel 
ceil system, as shown in Fig. 6, the DC/DC converter 13 
5 is controlled In the voltage control mode in step S2 and, 
subsequent to the presence of a capability for supplying 
the electric power to the load 6, operation is executed 
to commence supply of hydrogen gas and air to the fuel 
cell stack 1. 

10 [0067] Then in step S31 subsequent to operation in 
step S2, the controller section 21 is operative to drive a 
coolant pump (not shown) at a given drive rate to allow 
coolant to be circulated in the fuel cell stack 1 . Thus, by 
permitting coolant to circulate through the fuel cell stack 

15 1 , temperature distribution of coolant is designed to be 
uniform to some extent, providing a status available for 
the temperature of the fuel cell stack 1 to be identified 
from the coolant temperature. Also, the drive rate of the 
coolant pump may be selected to lie In an extent to pre- 

20 elude the occurrence of a non-uniformity in temperature 
distribution in a coolant circulation system, such as a 
coolant delivery conduit or a coolant flow passage, in- 
side the fuel stack 1, and may be selected at a rate to 
provide an extremely small flow rate because of the ab- 

25 sence of heat buildup in the fuel cell stack 1 . 

[0068] In succeeding step S32, the controller section 
21 retrieves the sensor signal from a coo tent tempera- 
ture sensor (not shown) and detects a coolant temper- 
ature whereupon discrimination is made to find whether 

30 the coolant temperature detected in step S33 exceeds 
a given value. 

[0069] When discrimination is made that the detected 
coolant temperature exceeds the given value and the 
fuel eel I stack 1 is warmed up whereby the electric power 

35 can be adequately taken out from the fuel cell stack 1 , 
operation proceeds to step S12 to shift operation to nor- 
mal control whereupon operation is terminated. 
[0070] On the contrary, when discrimination is made 
that the detected coolant temperature does not exceed 

40 the given value and the fuel cell stack 1 remains in an 
insufficient wanned up condition whereby it is hard for 
the electric power to be adequately taken out from the 
fuel cell stack 1, operations subsequent to step S4 are 
executed. This allows the output electric power of the 

45 DC/DC converter 1 3 to be gradually decreased, thereby 
permitting the electric power being progressively taken 
o ut from the fuel cell stack 1 . 

[0071] With such a fuel cell system to perform start- 
up control operation, in an event that the fuel cell stack 

so 1 is adequately warmed up immediately after start-up of 
the fuel cell stack 1 , since operation can be executed to 
be shifted to normal control without executing opera- 
tions in step S4 to step S11, start-up control operation 
of the fuel cell stack 1 can be performed in a short time 

55 period. 

[0072] Moreover, while in step S31 and step S32, op- 
eration has been described to predict the temperature 
of thefuel cell stack 1 responsive to the coolant temper- 



8 



15 



EP 1 414 091 A2 



16 



ature, an alternative may be carried out to provide a sen- 
sor that directly detects the temperature of the fuel cell 
stack 1 to allow a value detected by such a sensor to be 
utilized. 

9 

(Fourth Embodiment) 

[0073] Next, a fuel cell system of a fourth embodiment 
is described. Also, the same component parts as those 
of the above embodiments set forth above bear the 10 
same reference numerals and the same step numbers, 
and details of these components are herein omitted for 
simplicity. 

[0074] The fuel cell system of the fourth embodiment 
features that, when switching over the control mode of 15 
the DC/DC converter 13 from the voltage control mode 
to the normal electric power control mode, a way of rise 
up of the open voltage of the fuel cell stack 1 is detected 
to allow the DC/DC converter 13 to be switched over to 
the electric power control mode to permit a timing, at 20 
which the electric power is taken out from the fuel cell 
stack 1 , to be controlled in dependence on the way of 
rise up of the detected opening voltage level of the fuel 
cell stack 1. 

[0075] With such a fuel cell system, as shown In Fig. 25 
7, in step S41 subsequent to start-up control operation 
in step S2 wherein hydrogen gas and air are supplied 
to the fuel cell stack 1 , the controller section 21 retrieves 
the sensor signal from the voltmeter 12 and measures 
the output voltage of the fuel cell stack 1 . 30 
[0076] In consecutive step S42, the control unit 21 ex- 
ecutes discrimination to find how the output voltage of 
the fuel cell stack 1 detected in step S42 rises up. When 
this takes place, the controller section 21 may execute 
comparison between a time constant, in which the out- 35 
put voltage of the fuel cell stack 1 rises up, and a time 
constant that is preliminarily determined on calculation, 
calculation between a measured time interval, in which 
the output voltage of the fuel cell stack 1 reaches a volt- 
age level closer to the open voltage level, and a prelim- *o 
inarily determined preset time interval, or comparison 
between a calculated variant value of the detected volt- 
age at a certain time and a voltage variant value that is 
preliminarily determined. 

[0077] And, the controller section 21 executes dis- *s 
crimination responsive to the way, in which the output 
voltage of the fuel cell stack 1 detected In step S41 rises 
up, to find whether a rise up speed of the output voltage 
exceeds a given speed whereupon, in the presence of 
discrimination with the rise up speed of the output volt- a? 
age exceeding the given speed, discrimination is exe- 
cuted that the fuel cell stack 1 operates to generate the 
electric power output during start-up in a stable fashion 
and operations are shifted to operations subsequent to 
step S5. 55 2. 

[007B] In contrast, if discrimination Is made that the 
rise up speed of the output voltage does not exceed the 
given speed, operation proceeds to step S43 and, for a 



given time Interval, the electric power is supplied from 
the secondary battery 7 to allow the fuel cell stack 1 to 
stand in the standby condition under a condition availa- 
ble to be supplied with hydrogen gas and air whereupon 
operation proceeds to step S5. 

[0079] With such a fuel cell system, If supply of hydro- 
gen gas and air to the fuel cell stack 1 is commenced 
and the way of rise up of the open voltage, when the 
open voltage of the fuel cell stack 1 increases, is slower 
than the given speed, then operation is executed to de- 
lay the timing at which the electric power can be taken 
out from the fuel cell stack 1 , thereby enabling operation 
of the fuel cell stack 1 to be stabilized. 
[0060] The entire content of Japanese Application No. 
P2002-307216 with a filing date of October 22, 2002 Is 
herein incorporated by reference. 
[0081] Although the present invention has been de- 
scribed above by reference to certain embodiments of 
the invention, the invention is not limited to the embod- 
iments described above and modifications will occur to 
those skilled in the art, in light of the teachings. The 
scope of the invention is defined with reference to the 
following claims. 



Claims 

1 . A fuel cell system comprising: 

a fuel cell stack (1) supplied with fuel gas and 
oxidanlgas to generate an electric power which 
is supplied through a diode (11) to a load (6) 
installed on a fuel cell powered vehicle; 
a secondary battery (7) by which an electric 
power is charged and discharged; 
an electric power converter (5) connected to the 
fuel cell stack through the diode to convert an 
electric power level, charged in the secondary 
battery, and supplying a converted electric 
power to the load; and 

a controller (21) operative to control the electric 
power converter {5) in a way to allow a voltage 
level of the electric power, to be supplied from 
the secondary battery {7} to the load, to lie at a 
value equal to or greater than an open voltage 
level of the fuel cell stack during start-up of the 
fuel cell stack, and to control the electric power 
converter (5) in a way to allow an electric power 
level supplied to the load through the electric 
power converter to be detected for permitting 
the electric power to be supplied to the load 
from the secondary battery at an electric power 
level less than a detected electric power level. 



The fuel cell system according to claim 1, wherein 
the controller (21) controls the electric power con- 
verter (5) in a way wherein, if an output electric cur- 
rent of the fuel cell stack (1), appearing when the 
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6. 



electric power level supplied from the secondary 
battery (7) to the load is decreased, Is greater than 
a given value, reduction In the electric power level 
is interrupted. 

5 

The fuel cell system according to claim 1, wherein 
the controller (21) controls the electric power con- 
verter (5) in a way wherein, if an output voltage of 
the fuel cell stack (1), appearing when the electric 
power level supplied from the secondary battery (7) 10 
to the bad is decreased, is less than a given value, 
reduction In the electric power level is Interrupted. 

The fuel cell system according to claim 1, wherein 
the controller (21) controls the electric power con- 15 
verier (5) in a way to allow the temperature of the 
fuel cell stack, appearing when the voltage level of 
the electric power supplied from the secondary bat- 
tery (7) to the load (6) is selected to lie at a value 
equal to the open voltage level of the fuel cell stack 20 
(1 ) or at a value greater than the open voltage level 
of the fuel cell stack, to be detected whereupon, if 
the detected temperature of the fuel cell stack is 
less than a given value, the electric power converter 
detects the electric power level supplied to the load 25 
to allow the secondary battery to supply the electric 
power to the load at an electric power level less than 
resulting detected electric power level. 

The fuel cell system according to claim 1, wherein 30 
the controller (21) controls the electric power con- 
verter (5) in away to allow the voltage level of the 
fuel cell stack (1 ), appearing when the voltage level 
of the electric power supplied from the secondary 
battery (7) to the load (6) is selected to lie at a value 35 
equal to the open voltage level of the fuel cell stack 
or at a value greater than the open voltage level of 
the fuel cell stack, to be detected whereupon a tim- 
ing, at which the electric power level to be supplied 
to the load through the electric power converter, is *o 
controlled depending upon a rise-up condition of the 
detected voltage level of the fuel cell stack. 

A method of controlling a fuel cellsystem, which has 
a fuel cell stack (1) supplied with fuel gas and oxi- 45 
dant gas to generate an electric power which is sup- 
plied through a diode (11) to a load (6) installed on 
a fuel cell powered vehicle, and a secondary battery 
(7) by which an electric power is charged and dis- 
charged, the method comprising: so 

converting a level of an electric power of the 
secondary battery (7) to supply the electric 
power from the secondary battery to the load 
(6) at a converted electric power level; ss 
controlling such that, when starting up the fuel 
cell stack, a voltage level of the electric power 
to be supplied from the secondary battery (7) 



to the load (6) lies at a value equal to or greater 
than an open voltage level of the fuel cell stack 
(1); and 

controlling such that the level of the electric 
power supplied to the load (6) is detected to 
permit the electric power to be supplied to the 
load from the secondary battery (7) at an elec- 
tric power level less than a detected electric 
power level. 
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